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1020020075285 #^ <H*}: 2003/11/20 

[aai^si mm 

iMmmm 2002.11.29 

[a*ssi ssi ±mx\ en s^s mfe <ys^oi :>m oi^ § 

^21 

[g*g°| g^SSl Broad-band Variable Gain Amplifier with High Linearity which 

Operates in Switch-mode 

[9S] 2JE|H£!M SIBfe^XI^(^) 

[§SI^3E] 1-2001-002372-0 
[CHBIC1] 

[CH£|°J3H] 9-1 999-000646-5 

[£i?ISi^SS] 2001-003356-1 
[CHBiej] 

[ CH £| o] 3 = ] 9-1 998-000633-4 

[Sl^ae^eis] 2001-003357-8 

[£92| S^l] CHO.Youngho 
[^Si^Sis] 760520-1030138 
[?@SS] 462-130 

3^l£ SfefAl 4346 S XI 301 S 

[^3] KR 
[»9XU 

[£9£| ^SJI] 2J2g 
[&92| S^S^I] KIM,Bo-Eun 
[^EIS^EIS] 690112-1100611 

449-907 
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ft^ SJf: 2003/11/20 



t^l XII 



[2IS»S!S] 
[f^ll 



KR 



geiAi }is§ 151-1 ^ amonim 101= 106 



gh^OHUM 2-10043 



KIM, Bon Kee 
710703-1261910 
461-160 

£^A| <ms 
KR 

mm® SII42S°I TfSOII 21 & £3, ^&IS JII60S2I CHI 2| 

(en cHdiej 

S£Js (Ci) 



20 
6 

o 

7 



E9 



29,000 S 
6,000 S 
0 S! 
333,000 S 



368,000 S! 
±J\^ (70%&S) 
110,400 S 

1. fi2f/H- S/dlA|(£S)_1: 



2.^21 SSg igaib /Hf?_H 



25-2 



1020020075285 %^ H*}: 2003/11/20 

La.**] 

£ Hk v ^ <H^HH ^ ^7l^ *fll f^Hf , ^2 Wf, ^ ^13 ^ 

^» i^W. *fll f^fe i*>, n]]^«, #iflJf , £ ^1 

# 7lJl, ^ o]s.o. S ^ofl Aj^Efl 3.0. 

^^l7jCf. ^]2 5^ 7}^_ ^ -f-^V ^5}- 7}t£ S^JL, 

7^%V ^H^O.S*| o]^g- ^H^ji, ^3 ^LJfir ^^.^ 7>i£ 7^ 0 Vo] ^^V 

£ 2 

71-^ ojs. ^3.^ ^o^l ^-cfl^ nfl^l-H, ^ifl-ljL, 
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5L£L ^-i- -f^tt #u}]<* 7>^ o]^. ^#71 {Broad-band Variable 

Gain Amplifier with High Linearity which Operates in Switch-mode} 

£ l^r £ H^HH nf€- 7}^ o]^- ^7l# 7fl^2]lS £Al*l -i-S-S. 

£ 2^ £ lofl 5=a1€ 7 >^ ojs. ss. 7 ]^ ^li £ o^^ AHH i n}aH 

51 3-& £ H 7>^ ojs. ^71^ ^12 ^^Alojlofl trf^ 

£ 6-^ £ 5«fl £A]4g tqA| xfl^- iA]*V S)S.iE.. 

(switch-mode) *a|-§- ^ -f^rtr %x]\<*\ 7>^ o]s- f^7H ^ %o]t\.. 
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o}^ #^7] (Variable Gain Amplifier)^ Q }^r^r ^*Rr #^ 

2M, 41 £3 717-1 tfl<* ^ofl efl^Sl A]Jl7 r 7fl^-5]7l fl^fe, 7 r # o}S. - 

S-71 £^1 ^ ^3 7>7^o> ^j-cf. 

/flAl^^o.^, 7>^ o}^ ^7)2] ^ *°lal, ^Jro} Aj^o. 7fl^*>7l ^tr 

7>^ O}^ ^7}°) 7^}7)7) ^ ^Bfl 7)^ ^uj-^ , ^ ^ 

*11 5,949 ; 286S<^1 7flA]^ o^cf. 

^#^17171 ^V-g- B*ffl*l^E] S.^\3L, ^7] B^l^ 

Ei ^ ^l^E^i cfo]^c ^-4. ^#Al^i 0.5.^ t oUnl^l ^(emitter degeneration)* °l-g- 
*M ^7)2] ^, 40]^ ^ 5)5.1- ^^}?}JL, ^7} H^H 

^7)°) O)^ ^Hir ^ olcf. 

D l^ ^ ^ A 5,949,286^^1 7lH£ 7 >^ ©js. ^7]^ «y^*=H nH-2-E-I- 34? 
Al^ ^xl Sfl^-A]^ 0.^, e^^^e^ ^ oflnlE^ ^Vofl cfol^iE. ^ ti]^^ S-^-g. 

711^^ oicf. 5E*h cH ^s.7l (dummy amplifier)!- <$7] ^ B^*liEi ^ ^4=- 

a^jI^*) cfol^jE. #ofl o^tr ^sflAlElw <%^% A)y]^. 7>^ ol^. ^71^1 Jl 
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1020020075285 #^ 2003/11/20 

<13> ZLCiq-, Pl^" ^ ^ *fl 5,949,286^011 7flAl^ ^#7|fe 7fl^d^l 

[^ol ol^Jl7> ^ 7l#^ ^Tfl] 

<14> ^ ^rgo} S.^^. Aj^^o] JjL^ 7 >^ o}s. ^7l« ^sJ-JI*} ^ofl ojcf. 

<15> M- ,£tgo} cfs s.^ o. ^ ol = £ c ul ^ ojS. J2.= oflA-l zj-zj- a^o] S-^-g- 

*T 5^ o]S. ^3- 7 ]«- afl^cfl ol Cf. 

<16> 3E Cf€- ^-^^r ^-Cfl^oll^ ^S- ^o] o.^^. 7 }t£ o]^ ^^7l# *fi^}-JL 

^ #^3"§r ^ti]^>i ^l7>^ #^1^ o]S. 2.^. ^ 7-1 

^sHr o]^. #^7Hl sa^H, ol^cf^ tgAj^ ^ l #7}-, 

^*Hr ^2 ^ ^2 *d€°fl ^^sl^ ^13 ^lsj-Ji, ^1 cj7H) °j7>si^ #<y- 

^ 37H1 7l^5H ^12 ^^>S.ifEi ^3 ^-71-5. a7 ] yj-^oj 7>^Sl^ 

^A, ^ ^1 ^5U, Jl ol=- A] ^-cfl^^A-] ojej ^^^^ *fl 

7]^ #tfl<3 ^ ^Hl ^^SlJl, 7-1 o)^ 5-1= S-^- A] oj^ A]Jr^ 

A] #3- ^7>1- %^^Al7l7l ^ ^ ^7>o] ^12 ^ ^1 7_H1 ^^51^ 
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^E-l, * i^U, ^^l ^^SlJl, ^^JMe^ 

<^Ei, ^ ^ ^SH, i^*l Ef^-g- #^^1 

<ig> M^cq <^^ aHH] o] = ^3£ 7H olo^Ai, TWEi, ^ 

21^51 ^5H ; ^*1 E}^o. ^ejc^ ^^Cj-. 

<20> £ c^AjAl^^l tt^ °1^" 71 ofl 5a<>H, J7 o]S- fi^H ^J3L i^}t 

*>8 si- a] 71 71 ifl^ ^ ^ tiHoi^ Ajo^. 

<21> c^AjAHHl >4€- 7>^ ol^. ^ 7 H1 cflo^ , ^3. ± ^ M0SFET B^^l^El 

afll #7}^ 711 °1B, *112 iE.ello], ^13 #7}^r ^5.^014. 

<22> ^fil ^^AHHl 7^ Ol^. ^ 7 H1 &oH, 2fll CJA}, ^ *113 # 

^a^l-ji, ^1 1 ^aHI H7}5l^ 3.7}6\] y}^*}^ ^12 ^1-S^-El 2113 Jl = 

^ #ff-^ 371 ^ « 0 V^ol 7>^£l^ 211 1 ^ ^12 ^ ^1 ^ *fl2 ^4 ^>^1 2112 #7> 

^ *U ^i^^Hl ^ ^^tt *fll ^ *112 7-1^, *lll ^ ^12 ^ ^7>S] 2ll3 ^Hl A 

A ^^sl^- ^11 ^ *fl2 ^ ^11 1 ^ A\2 ±7\$\ ^3 #7} ?H ^^s]^ ^^.i 

^ 21U ^ 2112 ^ 2112 #7} ^>ofl ^^51^ JjL*> 5}- 7>^ *J-g: 

i^Sl, 2lU ^ 21U ^aRt ^^£1J1 ( 2112 ^ ±7}9] 2fll cfA>^ ^ Al 

^1^ , ^11 ^ ^2 ^7>5l 2112 #7Rr ^ - ^ + *112 ^^*>fe ^12 ^ slS 

# e-1 if-^-cf. 
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<23> *V^o} ^Aloj|ol| X^M. 7>^ ^7}6\) , XU #7>, Xl2 £ X]3 # 

^Hl^Jl. X]l ?]7>£)^ %\<&S>\ 3.7)°]) 7}^}^ Xl2 #*>3.^fB] Xl3 ^VS. JL^ 

3.7} ^ » 0 ^ol 7>^l5l^ XU $ Xl2 ^ 4i7}, XU ^ Xl2 Xl2 
£ XU *H 3^r3fe XU ^ XI 2 ^-^> XU £ XI 2 ±7} 9] Xl3 ^4 

^3^7 X]l ^ XI 2 #-ff- iii, £ XU ^ XI 2 ^ XI 3 #7} *H 3^r3fe iii 

3$- 7>^ XI 1 ^ XI 2 ^ i*}^ XI 1 #*Rr zj-zj- - £ + XI 2 #^i£H 3 

XI 1 ^ XI 2 4i7}3 XI 2 ^7}±r AA ~ £ + XI 3 ^*Kr XI 3 5] 

<24> . O^}, ^AHll- id^T}. 

<25> a. y}-^} crf^- 7><£ o]^- #^7l^ MOSFET H^l^ ^ i^l- 4. ^ 4i 

*Vtt XMB, ^ = 3|$l-i- ^til^-cf. MOSFET B^1^b|^ X|<XH°fl <?l7>£]^ #<£°] 

3-7) ^ , iiii^E] 5E^ ZL <^SL£. Jl^^r ^ 

^3^r ^Hr4. °1 3 *V ^S^r «}°lf2} 3-9 E^xl^Ei(BJT), ^ *dXl Jl 

4 H^^l^EidFET), ^ ti_V£Xl 14 H 31 *]^El (MOSFET) ^ ^ «h£Xl 

JL4 H^^I^b^(MESFET) oicf. 

<26> °1 ^ ^7} 9] tfl«-££- ^3. ^^o] ^ 7 fl£] ^iL ^ Xll #JiL £-7} 

, MOSFET, ^ XI 2 #J± dt*h MOSFET* «-§-W. Xll 

^ X12 ^7]-^ XMH(Ng, Pg)°fl a7l ^ ^o|] nj-^ , i^(Ns, 

Ps)SJfEi ^Xlo](Nd, Pd)SL£. ZL ^^S. JlS^ ^^-o^ oj: ^ tij-^o] ^^5]^ 
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< 27 > ^s. ±x} ^o)}a\5L M0SFET°1 4i7\ <&z}#2\ ^x}7\ 7># 3 

f MOSFET-i- ^}-g-*Rr ^o] y>^-2i^rf. itj-^ , o^o] ^tgofl/^ 

MOSFET-i- ^SKa*} ^tf. ZLiHM-, £ MOSFET ^ tfiL3£- 

2. ^SRr SL€r i*H 3-§-^ *r 5M. ^^H, a. MOSFET^ ^^SLS. 

-M^H", £ 7fl^4 ^^7> MOSFET^ °W4. SLtt °1*>31 -S^^IM 

^ M0SFET1- f^JlS *£^f>W£, 7flM-g- M0SFET°fl 5. ^-g-* ^ # 

<28> -E. <£^x\d\]d\] 7 ].^ ol^. ^s. 7 ]m. 7 fl^^o.S. M-H°lth 

<29> £ H H><q. ^-o}, ^A^H rcj-s- O]^. *fll vfl^ ^3 

101-105)!- 3E^-*V4. ^1 ^fl*l m ^^-(101-103)^1^ AA Al A3 A°\ 

Vcl, Vc2, Vc37> <y7}£lJl ( *fl<H sl«H A ^^MH^ ^IH^. 

<30> -a igj-tgo] ^^A}^ofl 4^- ojS. ojo^ , *f|l #^(101)fe °]7>Sl^ A 

i *1H Vci°fl sl*H -n °l^j- ii= ^ 7-1 o]^. aso^ ^^HKE-st ^^^4. ^, ^ 

*1€?H}. ^7l JL o]^ 2.^ ^ ^ Ojs. o]7l-£]^ afll *W A]Jr V cl°fl ^ «H 

<3l> ^2 ^^-(103)^ *>-^ ^ s\S.S, , afll ^«-(ioi)^ ^oj- ^ 

?J-^ #^s><^ ^2 #^^(103)21 o]s. o. AlJ: 
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<32> XI 3 f^Hf(105)^r *W ^ $3.2. ^^H, Xl2 (103)3 #§j 

^3 o)^o_s_ M XI 3 #^(105)3 °1^8: ^3 *\)6] Aljr V c3Xl ^ 

<33> £ 2^ £ H 7 >^ o]s. ^7lS) XI 1 ^«(ioi)l- 51X|*V SlSJEojq-. 

<34> £ 2<^1 t.}<4 ^-ol, av^o] ic^ ^1 ^«.(ioi)^ NMOS HSH*1^ 

MN21, ^f*> o Js)^(201), XI 1 ^H*l ^ SW1, nfl^l«.(210), * #^(230)* 

<35> O^, ^4^X1* #X|*| ^tJ-Cf. 

<36> NMOS H^^l^Hi MN21^ X] XI 1 #^(101)3 <y^cf yin^r ^ ^ Jl , Esfl^ 

Xl^(210) ^ #31^(230)3 ^ ^} ^*oK201)^ **4-5\o] *fli ^3.j=l 

(101)5] Voutl^ ^ W=K NMOS HSH^I^E] MN21^ iii^ ^*1€4. 

<37> ^ SW1B] NMOS H^^l^Ei MN213 XMBXI ^^sjji, Ej-^^^ w > 

ojoj^ ^<y- Bias ol o]7>S)^, ^f*} *13K201)S] E^^r ^ofl ^^C}-. 
<38> ^-cfl^ nfl^«.(210)^ X| 1 ^-Jf (101)3 Vin g Voutl #X1 

XI 1 XXHe| C21, XI 1 Si 3 3 L21, XI 1 R21, ^ XI 2 ifl^l ^ SW2# i^tf. ^, 

XU ^X|a1e-1 C213 ^^.o. ^ 101)0] oj^c^ V inXl 3#sU, XI 1 C213 e} 

XI 1 <a^Ei L21, XI 1 R21, XI 2 SW2<X ^^4. XI 2 ^£|*1 

^ SW2S] afli ^«.(ioi)^ ^t}. VoutlXl ^^^4. 

<39> #iflJf(230)^r XU #^(101)3 Vin ^ Voutl *H1 3^r=M, XI 2 ^Xl 

C22, XI 2 R22, g XI 3 ifl*| SW3^r ^, X|2 ^Xl^E] C223 
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afll #^-(101)^ Vin^l ^^Ji, *fl2 R22^ ^^-sf ^^^cf. *\}2 *i 

R22^ i^^l ^ SW3^ , *fl3 i^^l SW3^| 

^z-Jf (101)3 #^^Voutl<>ll ^^€^f. 
<40> ol*>, £ 2# #S^H <^aHH tc|-=. *m ^a-(ioi)^ ^^*}-nf. 

<4i> ^ ig^cq ^^A-i^ofl rtf^. 2fw-(l01)b JL o}^ ^ 7^ o]^- S = ^1 

^r, *Hl ^^f(10lHl °J7>5]^ aiJl Vin^l efl^o] uiej ^^fl^l 7 ^ ^<y- 
*1^3 ^-fofl^ Jl o]^ 5LHL *\Q*\JL, <g ^ a]Jt Vin^ ^ A oM 7l§ # 

<42> Jl o]^ 5.= ^ ^-f , afll * *fl2 ^3*1 ^ SW1, SW2^ JL, ^3 ^ 

SW3£r 7fl«j-^cf. Hj-BM, NMOS H 3**1^1 MN21^ TjHEofl:^ y>ol^^ Bias o] <*\7}5\JL, 

NMOS B^H^liEi MN21^r %^S)-^i=f. SE^, #tfl<* nfl^l ^(210)7} =1 Jl, ^-^^-(230)^ 

<43> NMOS H^l^l MN21^ 7flo]E^ <?]7>S)^ Vin<^l = Bfl<?H Jl = 

<44> ^-cfl^ Dfl^l«-(210)^ TisflAlEi C21^ ofl^l«-(210)S. -fr°J^Tr DC 

^x}. £Etr, *fll ^^ll^Bi C21, <a^Ei L21, ^ *Hl R2l£| 3^*1 
^- Ir^S] <y^HH rtfs- 7>^ 0)5=. ^^-717}- ^-cfl^oll^ D fl^lol 7^}^, 
Jl^sK^Hs ol^-^- <£-g- ^ oi^s. ^ ^ oicf. cfAl ^>^, ^tiV^ M0SFET 

e^^l^Ei^ °m <3*\^7} nfl-f ^. 7] ^^.o,] ojsE)^^ nfl^l (impedance matching)*Hr ^ 
^^r( impedance transformation) 2f^°l ^^.*>cf. ixj-e]-^ ( £ 2«fl a>2f ^-o] t 
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91^], ^3flAlE^# z}l 2]£iios ^^*>^ MOSFET H^l^E-j <i) a]^^ 

<45> *\ o}^ ^ o. ^ ^ ^ 2 i^^l SW1, SW2-gr 7fl« 0 V5]jl, 43 i^*] ^ 

SW3£- ^^elt}. 4^1, ,NM0S H^l^Bi MN21 ^ ^-tfl^ 4^(210)^ u] ^ , #3) 

-?-(230)^ol £t}. 

< 46 > ^ o^s} a] J: vinir *fl2 7^1^ C22^1 ^7>5]^ DC ^]JL7> 4 o>^- SZL x\ 

S. ^}o) 42 R22 ^ 43 i^H*] SW3# ^-SH Vout^-S. #3^4. 4^1, 

Vinxr ¥^ ±*\9l NMOS H^l^&l MN21# ^31, ^ ^ 

R22 * ^«.o] -9-4 *V 43 ^ sW3oll £)*H #£fl (attenuation)^^ Vout 

<47> ^ ol^- ££oll^ 4 2 R22 ^ 43 4^ SW3-8: 2.^ *\*ct ^^^1 -f^l 

*M ^rSHr°fl ^ ^^^i ^5|-7> ol4^>7l A]2 R22 ^ ^13 ^ SW3^| 

■gs^i* 3^*1 ^4*}^ °1HH 7>^>4 £t}. 

<48> sfr 7 ) ^x^*]- y>^ £o) ( igxgo) ^^Al^4 tcf^ 41 ^S-JjLQoi)^ ol^ aJJt V in^ 

v^o]^ ^(Noise Figure)* a i^, ^ ^IJ: Vin^ ^ €• ^-f 

ofi^r, *fll #^f(101)3 oj^-g- 4i ^i«.(ioi)^ ^^-4 o}*V Ai^efl ^ 

^3 ^H3* ^Al^O.S.^, 7]-^ o]^ ^71^ *]^* 7fl^A]^ ^ ojl}. 
<49> £ 30. £ lofl 7 ^ ol^ #^7151 42 ^S.tL( 103)1- 
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<50> £ 341 J£*l£ Qo] t h^o^ ^^Aloflofl ccf^ ^i«(io3)^ ^1 g *]]2 

NMOS H^l^Ei MN31, MN32, *fll ^ *1)2 R31, R32, afll ^ *fl2 ^ 131, 132, 

7>^ 7-HKsource degeneration variable resistor) SD1, ^ ^} S)^- ^ aJ^J- 
(load degeneration variable resistor) LD1^§- i^tr 1 ^. 
<5i> X] 2 NMOS B^l^Ei MN31, MN32S] tIHh^ ^ *fl2 =§^-(103)2] + ^ - <y 

Vin2+, Vin2-* =efl<$!£- *fil ^ *fl2 ^ R31, R32£) 

^12 ##^-(103)^1 - ^ + Vout2-, Vout2+^- ^^tr^. *fll ^ *fl2 NMOS B^l^ 

MN31, MN32S] ^^.^o^ z]-z}- ^ ^]2 *lff- iii 131, 1324] £]*H ^ 

<52> h-st]. £]5). LDl^r *fl 1 ^ *fl2 NMOS H€*li^ MN31, MN32S1 JEL3l<y #e>H 

Sjji, 4ii S) 5)- 7>^ SD1-& *fll ^ *ll2 NMOS H^fl^l^Ei MN31, MN32^1 ±3.^ #41 ^ 

slnf. 5Eth *fll ^ *fl2 R31, R32^ z}-z}- ^ofl ^^^cf. 

<53> o]^ ; ^2 #^(103)3] ^-8: ^^W. 

<54> ^#Jf (103)^1 ^1 ^ ^fl2 NMOS B^^l^Ei MN31, MN32^ 

Vin2+, Vin2-4l c 3] o] ofl a-] ^.2.^5. iL = ^r ^^-S] ^ *1H*H, <#7] 

#-fM °<H1 ^ *fll ^ ^12 R31, R324] S]*V #5>7 r ^S^l-Tfl 

^cf. ols.^), + ^ - oj^^- vin+, Vin- ^^-41 °]7>S]fe #<&°) ^ 7 |. f^s^ _ ^ + 
^ Vout-, Vout+ M-B|-u|-7ll ^cf. 

<55> ±SL+ 5^ 7 r ^ SD1 ^ ^> S)2f 7>^ LDItt =L ^ ^-g- 

7}#A)7A°-5L^, m ^#^-(403)^ ojJ=- #i$s§-2r afMtrtr. ^, 3 3- 7}^ ^ 
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SDl^ &-§r ^7M^-^- *fl 2 ^^-(103)^ o]s.o. Tj-^Jl, ^cfl^cf. atb, 

^} Si Si- LDl^r *fll ^ ^12 R31, R3221- 3^r€ 7-^J-o.S. # ^ ^£S, 

-^S} ^ LD12] ^ ^H^ojiL*], *fl2 ^^-(103)^ ^-S> T^j- 7>^A]^ 

<r ^ ^^1^ o.S^, -?-<5> 7^ LDl^l t^J- ^o] ^oV^^s. ^ j=l^ ^ ^oj 

3]-o>^7fl £H *l]2 f^HKl03)^ ol^-ol ^^cf. ol<2f tilcfls, LD1£] T^j- 

^7>Al7l^, LDl^l #^}7ll S\JL, A}2 ^^-(103)2] o]^. 

°fl €■ 

<56> n^^l ^IS^l ^7H nq-el-A^ ^^.^ £)§(. 7>^ 7^ SD1 ^ ^-§1- £]Sl- 7>^ 

LDH ^7>£)^ *1)2 'AS- Vc2» ^ojf-o.^, *fl2 ^?pf(103)^ ojs. ^ ^^^^ 

<57> 51 4^ 51 H SIA]^ 7}^_ o]s. ^S-71^1 ^13 ^^(105)» 51^ ^SSLojcf. 

<58> £ 4ofl JE^Jg ti>2|- ^-o] ; a. Mj-t^o} ^^Aj^o]] rcf^ 7]]3 ^^(105)^ *)U ^ ^12 

NMOS MN41, MN42, *1]1 ^ *fl2 7]* 0 V R41, R42, *fll ^ *fl2 ^ 4i5L^ 141, 142, 

^ Si Si- 7}>£ aJ^J- SD2-8: i^-fVc}. 

<59> 7^11 ^ X| 2 NMOS H^l^Ei MN41, MN42^ ^o]h^ z}-z]- *fl2 f^«.( 10 5) <>] + ^ - ^ 

Vin3+, Vin3-* ^eflo]^ z}-z]- Tfli ^ Xl2 7-^1- R41, R42^ ; 

*fl2 ^-^-(105)^ - ^ + Vout-, Vout+^g- ^#4. *Hl 3l A2 NMOS H^l^i 

MN41, MN42S] i^L^l^b ^ Xll ^ *fl2 ^ff ^5l^ 141, 142^1 2)Z}<^ 
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<60> &.SL£i 7>^ SD2^r afll ^ *fl2 NMOS H^^l^B^ MN41, MN42^ ±SL^ ^ 

^r£H, *fll g ^12 R41, R42^ V w °\] 3^r€t*. 

<6i> x\)3 ^-^(105)^ ^12 f^-(103HH #3 # q-A] fj-w] ^Al^o.^, 

7>£ ojs. ^71^ o]s. ^o] uj^l- ^t)]A)7J4. ^3 #3-^(105)^ *1]3 *M Vc3^1 ^ 

<62> 7)13 ^^-(105)» ^SRr 5L 4<H] 5)^0)1 cfltflA^ o)p1 ^Tflofl ^s] 

<£B)^ £U, ^ SD2°fl lfl*IHfe S. 24H ^7lA^ Ajt^ 

(101-105)1- A ^-t-tt <i!3:» ^aI^o.s.mI, n ^4 

^o] og^^ Ajjrs. ^A]^ 7)12 ^«-(103)S. ^71-^^, a]^ ^ofl pj^j 

.OJL*), £ ^ofl 4^ 7><£ o}^ ^7)7} ^"Cfl^ ^ ^« ^ aIS^- 

<65> a)] 2 ^-¥-(103)^ *fll ^^HHlOlHH #^ Aljr- B|5}- 7>>£ 7.-1 SD1 ^ 

^-^V gjfl. 7>^ 7-1 % ldisi 7i%v ^-g. ^H^-o.^, n oi^ ^H^H ^s-ai 7H , ^ai a] 
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3L<>\ Z]}^6\) 4^ O^H\ Al^^-i- ^Hf^S*), #31 Al-h^Jfil 7fl^Al^ ^ 

4S ##^¥-(105)fe ^2 ##-¥-( 103 HH Ajif S ^ ##a|^o.3.*1 ) 7>^ 

3-*) #^ o]^- £ ^^^^ 7>^ oj^ ## 7 )£l 7fl<iUl Sg ^ 

£ yj-^o] ^^Aj^oH tr^ 7>^ o]=. tfl$ ^"71^ -£^<Mfe 7]-^ o]4=- 

71 7> ^11 vfl^ Mfl3 ^w.(ioi~l05)» i^Kr ^JLS. °1tt 7 fl^o] 

aj-g-^ H^HH 1:4^ ^Al^cfl nJ-eH^ *V 7 flSl ##JjL JEE^r Jf 7 fl2] 

##^¥- n J-&- ^ sm. 

#, *fll ##^(101)^ A>-g-*H, ^ 7flSl ojs. £ = t}s ^SL ^ ^ ojo.^, ^1 

1 ##-¥-(101) ^ ^12 ##-¥-(103) S^fr *f|l ##-¥-(101) ^ ^13 ##-¥-(105)1- 7>^ 
°m ##7l# ^ ojcf. ufo>7V, *fll ##^-(101) %&°\] *j|2 ##-¥-(103) ## 

#^7H ^ olO.^, ^3 ##-¥-(105) ^Eflo] fS^o>o. 4^ 7 ]] ^^A] 

^ ^4. ^1 ^>^, *f|l ##^-(101) ^Hlfe ##^-(103) ^ ^13 ##-¥- 

(105)3} H.^. ^ ^Efl7> ^ ##^ ^7} #7>^-o11 >4 5| 7>^ ojS. ^S.y] 

£ 5^ ^HH 4€" 7>^ o]S. SS. 7 ] ^ ^3 £ AitV ## 

51*14. 
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<7o> IE. 5°1] ha]^ £o], m. 4s ^*1°W n^^fe, £ ^a]^ 14 

€■ o]s. ^7] 2] #^^-ofl ^3 121^(507)7}- ^^Cf. o]^- ^S-7lfe *fl 1 vfl*] 

^13 #^-¥-(501-505)1- ifl-^jL, ^fl3 *M(507)t7 ^7>£]^ ^4 *)H AlJi Vc4°ll 3«H 

<7i> J£ 6^ 5. 5<H1 2)^.(507)^ ^ S^lt!: 

<72> £ 6°fl u)X] si 5(507)^ ^3*1 *H S]S.^ aj-g-^ 

%°-3.*\, ^11 1 ^ ^2 NMOS B^l^Ei MN61, MN62^1 dn£.^i #°fl 4i£_i ^ SD3 ^ i 

$1*1 ^ SW6H ^^cf. 

< 73 > s ( 33. 2)^ SD3 ^ SW611- ^7ffo S ^ t <y^s]^ a]Jt Vin4+, 

Vin4-S] 33 ^ofi 4^ o^-fr jfto)^ ^ oicf. ^30.3.^, <g^ aJJl Vin4+, 

Vin4-S] ^ z]]^o] ±r£- ^-f oflfe-, i^^l ^cj- SW61 ^. 7 fl« 0 i-A|^ o_3.*|, Mi 5)^- 
SD3<H1 ^Hs] 7fl>dAl7laL, Vin4+, Vin4-^ efl^o] ^ ^ o. 

ofl^r, i^*l S W61^ n]^ (507)3 o]£. S-A^ 7H^Al7jCf. 

<74> £ 5 D ^ £ 6i ^H^r °J 7>^ ol^- ^S. 7 )6\]X] 

m vfl^l *1]3 ^^(501-505)» °1^»S- x\)°]i5}v\ ^Al^lJi, 7>^ 0)1^ ^s. 7 ]6\]a] % 

3? <d<8^"§: ^H^iLS.*], 7>^ ojS. ^71^ ^^^-1; 7fl^A]^ ^ Uf. 
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<76> 2E*h JL S.JE. ^ ojs. ££ *j^*}jL, 31 o)^ ££oll^ +X\ A]jT-^ 

<77> q-6>7V, afll ^RMl ?1*IW3, ol^Ej £ ^1 "U^SLS. ^€ "U 1 ^- 

<78> Ci M-0>7>, ojS- ^7} 7>^tb ^l7fl^ ^Ul , 7^ o]S- ^i 7 ]o] o] 
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1] 

3> #^^T# ^1^ #7l «g^^ofl ol 7 m f^H^ #^§>S), 2olH 

#7i *g#sRr *n i #71 #3<eMt ^#*Hr *H2 * ^12 

3^3^ ^13 ^l*}^, #7l AM ^7}o\) o] 7 >£l^ H7H A o V 7l X|2 

^^S^Bi #7l *|13 i^i: #fj-<>1 H7l ^ yj-^o] 7f^S]^ #3, i^f, 

#71 ^ ^^Jl, 51 ojs. 2.= ^ Aj %tfl^61H <g ^ -y^ol^ 

#7l <^^" ^ #°fl 7-1 0}?=, 5L— ^4 A] Aljr-g. ^-^Al 

^ #7] #?miLjL 

#71 ^S. ^j.o] c^o,] ^^Sjol J7. ^*J. Al #71 ^7>1- 3&#3j- 
^7l7l ^Itb tt, ^ 

#71 ^ ^7>S] ^7> ^ ^1 ^ ?_H ^S}^ ^^ft i^fe 7><£ 

°m ##7l. 

2] 

*1U1H1 91°] 

#71 ^Cfl^ "fl^TT Ti^El, Ol^E}, 7H> ^ ifl*] i^Jl, #7l Tl^flAl 

EJSJ #71 °g^^l ^^Jl, #71 TlsflAlBl^l EKHlfe # 7 j 0)0^ , #7l ^ ^ 
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#7] ^o) 31 IS #7} ^71 ^£)^r 7> 

3] 

^ll^l &<>H. 

7l S^^l ^^i, ^KH^r #71 T^V ^ ^"71 i 

4] 

13 T 1 * 5] 

*HiW SU^i, 

^"71 4i7>^ M0SFET S^^]iE^olJl ) J$ 7 ] *fll #7}^ T^E , #7] ^ 2 #7}^ £L 

31*1, ^7l *)]3 #7Rr ^i^l 7>ig o]S. ^71. 
[^T 1 * 6] 

^ii^°fl 5a°H, 

^■71 7>^ O]^ ^^71^- 
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^12 S Xl3 ^fl- ^wj^ji, #71 XU t&*H <y7>5l^ H7H 

7] J^H X]2 ^S-^l #7l Xl3 ^7>5- = ^ 371 *g Wj-^ol 7>£5|fe XU 
^ Xl2 ^ 

#71 XU £ Xl2 ^ Xl2 £ #71 XU ^^ofl Zj-Z]- ^5)^ XU ^ Xl 

2 ^} 4^, 

#7l XI 1 £ XI 2 ^ 4:7>^ XI 3 ^Hl 44 3 XI 1 ^ X12 ^ 

#71 XI 1 ^ XI 2 ^ ±7}$] XI 3 ?_H 3^3^ 5}- 7>^ ^ 

#7l XU ^ X12 ^ ±*}3] X12 #4 7>6)| ^5}^ £1^- 7 >^ S^>£1 ( 

#71 XI 1 ^ ^4^1 XI 1 #*Rr #71 #71 X12 ^4^ #71 

*fll #*Rr ^43^, #71 XI 1 ^ XI 2 ^43 #71 XI 2 #4^7 44 " ^ + ^12 

* <^*Rr X12 3 7>^ #^7l. 

7] 

XI 1%!- 5Ett X16%H1 5a<>H, 

#7l 7}£ ol^. ^7l^ 

^1 #4, *fl2 #4 ^ X13 #4* ^l*}^, #71 XI 1 ^Hl 9l7}s\$r 4°^ H7H1 
7l^*H #7l XI 2 #4^^ #7l XI 3 ^4^. JrH^ ^ ^ ti 0 V^o] 7>^Slfe XI 1 

^ XI 2 ^4, 

#71 XI 1 ^ XI 2 ^ ^>S1 X12 #4 ^ #71 XI 1 4€4°11 ^4f£}^r XI 1 ^ X12 ^> 

#71 XI 1 ^ X12 ^4^ XI 3 #*H1 44 ^^51^ XI 1 ^ XI 2 ^ 
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#7] *fll ^ ^2 ^ ±*}S>) ^11 ^-7>^ Zj-Zj AV 7 ] - * + *H2 ^^^ofl ^^S1J7 ; # 

71 *fll * ^12 r£7}^ #71 ^12 ^ - ^ + ^3 ^*Rr ^3 ^ 5] 
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